UNIVERSITE GRENOBLE ALPES

THESE

Pour obtenir le grade de

DOCTEUR DE L’UNIVERSITE GRENOBLE ALPES

Spécialité : Modeéles, méthodes et algorithmes en biologie,
santé et environnement

Arrété ministériel : 7 aoat 2006

Présentée par

Sébastien BAILLY

These dirigée par Jean-Frangois TIMSIT

préparée au sein de I'Institut Albert BONNIOT — UJF — INSERM
U823 — Equipe 11 : épidémiologie clinique des cancers des voies
aériennes et des patients de réanimation

dans I'Ecole Doctorale Ingénierie pour la Santé, la Cognition,
I’Environnement

Utilisation des antifongiques
chez le patient non
neutropénique en réanimation

Thése soutenue publiguement le 15 octobre 2015,
devant le jury composé de :

Pr Bernard ALLAOUCHICHE (Membre)
Hospices Civils de Lyon et Université Lyon 1

Pr Pierre-Emmanuel CHARLES (Membre)
CHU de Dijon et Faculté de Dijon

Pr Muriel CORNET (Présidente)

CHU de Grenoble et Université Grenoble Alpes
Dr Philippe EGGIMANN (Rapporteur)

CHU Vaudois et Université de Lausanne

Pr Anne-Marie SCHOTT-PETHELAZ (Rapporteur)
Hospices Civils de Lyon et Université Lyon 1

Pr Jean-Francois TIMSIT (Membre)

Hépital Bichat et Université Grenoble Alpes




Remerciements

J'adresse tous mes remerciements aux membres du jury :

A mon Directeur de thése, Monsieur le Professeur Jean-Frangois Timsit. Vous m'avez fait
confiance pour mener a bien ce travail en me permettant d'aller a l'essentiel, de me dépasser et
surtout vous avez su rendre passionnants ces travaux de recherche. J'aimerais aussi vous dire a
quel point j'ai apprécié votre disponibilité et votre patience.

A Madame le Professeur Anne-Marie Schott pour avoir accepté d'étre rapporteur de ma these.
Je tiens a vous remercier tout particuliérement pour votre accueil dans votre service pour mon
premier semestre d'internat. Grace a vous j'ai pu conforter mon choix de parcours qui a aboutit
a ce mémoire.

A Monsieur le Docteur Philippe Eggimann pour avoir accepté d'étre rapporteur de ma these.
Vos travaux de recherche ont été extrémement précieux et m'ont énormément aidé dans la
compréhension des problématiques cliniques des candidoses invasives.

A Madame le Professeur Muriel Cornet pour avoir accepté de participer a mon jury et pour
votre soutien durant ma thése et mes années d'internat.

A Monsieur le Professeur Bernard Allaouchiche ainsi que a Monsieur le Professeur Pierre-
Emmanuel Charles de me faire I'honneur de participer a ce jury de thése.

Tous mes remerciements aux personnes qui ont permis la réalisation de cette thése :

A Monsieur le Professeur Hervé Pelloux qui, en me mettant en lien avec le Pr JF Timsit et en
m'accueillant dans le service de Parasitologie et Mycologie du CHU de Grenoble durant mon
internat a rendu possible ce travail et dans les meilleures conditions possibles.

A Madame le Docteur Dani¢le Maubon pour son soutien inconditionnel pour la réalisation des
travaux de cette thése. Ce fut un plaisir de travailler avec toi.

A Monsieur le Professeur Pierre Hainaut, Directeur de I'Institut Albert Bonniot, pour m'avoir
donné les moyens de terminer ma thése.

A Madame le Docteur Raphaélle Germi pour votre écoute et votre disponibilité pour le
montage de mon dossier de demande de bourse d'année recherche qui a pu aboutir et ainsi me
dégager de tout souci d'ordre financier.

A Monsieur le Docteur Romain Pirracchio pour son aide, sa pédagogie sur les modeles
structurels marginaux et les nouveaux estimateurs et surtout pour sa réactivité et sa
disponibilité dans la relecture des articles.



Je remercie tous les co-auteurs pour leur aide et leur réactivité lors de la publication des
articles.

Je remercie particuliecrement Madame le Docteur Céline Feger pour sa relecture attentive de
l'anglais et sa réactivité a toute épreuve.

Je tiens a remercier Stéphane Ruckly pour son aide et ses conseils précieux pour l'acces a la
base de données et les scripts SAS.

A tous ceux qui m'ont aidé dans le recueil de données : Toufik Ariba et Eric Fernandez pour
leur aide précieuse dans le recueil des données biologiques, le Dr Claire Chapuis et le Dr Luc
Foroni pour les données pharmaceutiques, Madame Héléne Ghelfi et le Dr Jean-Charles
Cartier pour les données cliniques.

Au Docteur Jean Iwaz pour son aide précieuse a Lyon puis a distance pour tous ses bons
conseils de rédaction et de reformulation en anglais.

A toute 1'équipe de IAME pour leur accueil a chaque venue sur Paris.

A Anne-Sophie, avec qui ce fut un plaisir de travailler et de mettre en application les
méthodes statistiques. J'espere avoir ét¢€ a la hauteur pour t'accompagner dans ton master.

Je tiens également a remercier ceux qui m'ont accompagné sur le chemin de la these :

A Pascal, cela fut un plaisir de te rencontrer et de découvrir avec toi I'épidémiologie clinique.
Au plaisir de venir te rendre visite en Picardie, ou pour quelques randonnées !

A Guillaume, pour tous les souvenirs partagés ensembles. J'espére que nous pourrons
retrouver du temps pour la suite.

A mes parents, pour votre soutien et votre générosité inconditionnels, sans vous rien n'aurait
été possible.

A mon fils, Samuel pour toute la joie que tu me donnes a te voir grandir, découvrir, t'étonner
et t'émerveiller sans cesse.

A Marie, pour ton soutien sans faille pendant tous ces moments parfois difficiles. Et plus
simplement, parce que nous sommes toute la vie, mon amour.



Sommaire

REMETCICIMENLS ...ttt st sb e st e 2
SOIMIMAITE ...ttt ettt et b et e e sbe e bt et e bt e aeeaneeanesueennees 5
ADIEVIATIONS ...ttt sttt ettt ettt et s b e bbbt et ettt et st e sbesbesaeeneeaee 6
RESUME ...ttt sttt e e e e 8
ADSITACE ..ttt sttt e b ettt a et aee 9
INErOAUCTION ...ttt ettt et nbe e 10
Premiére partie : Etat des licux sur le traitement probabiliste des candidoses invasives......... 14

Publication N 1 : Empiric/pre-emptive anti-Candida therapy in non-neutropenic ICU

PALIEIIES ...ttt eiteeiie et et et et e et e e tte et e e teeebeesseeesbeeseeenbeeseeenbeenseeenbeeseeenbeenseeenseensaens 16
Deuxieme partie : Exploration de données mycologiques longitudinales .............cccccceeeuneenee.. 23
[. Présentation des dONNEES. .......ccueieriiieriieeiiie ettt sree e e e e e sae e s e e 24

II.  Effet du traitement antifongique sur la pression de sélection des espéces Candida en

USI : analyse de s€ries temporelles ..........cocvieiiiiiiiieiiiiecieeceeeeee e 25

Publication N 2 : Impact of Antifungal Prescription on relative distribution and

susceptibility of Candida spp — Trends Over 10 Years ........cccecevveverieneinienicneenicnnenn 27
Supplément électronique de la publication 2 ...........cccceeiiviiiiniiniiiinceceee 56

III.  Impact du traitement antifongique sur le diagnostic des candidémies : analyse de

AONNEES TEPELEES ...evveeeieeiieeiiietee ettt ettt ettt e et e esteeebeesseeeabeessseesseessseensaessseesseessseensaens 61

Publication N 3 : Impact of systemic antifungal therapy on the detection of Candida spp.
in blood cultures containing resins or selective media, in the clinical setting of

CANAIACTINIA ...ttt et ettt et e et e bt e st e bt e esbe e seeenbeenbeesnbeenseesnseenne 63
Supplément électronique de la publication 3 ...........cccceeiiiiiiiniiniiie 88
Troisiéme partie : Approche causale a partir de bases de données cliniques de haute qualité 95
I.  Approche causale sur les données observationnelles..............ccceeveiieiienieniiienienieeens 96
II. Impact de la désescalade précoce sur le pronostic des patients ...........coceeveeveerveneennene 98

Publication N°4 : Antifungal de-escalation was not associated with adverse outcome in
critically ill patients treated for invasive candidiasis — Post-hoc analyses of the

AMArCAND2 StUAY data.......ccccuiiiiiiiieiiecciie et eaee s 99



Supplément électronique de la publication 4 ............ccceeveeiiniiiiniiniieceeceee 111
III.  Analyse causale sur données longitudinales.............ccoceeriiiiiieniiiniiinieneee e 120

Publication N 5:What’s new to quantify causal effects from longitudinal cohort studies. A

brief introduction to marginal structural models for intensivists..........c.ccoceeeeveerieennennne. 121
Supplément électronique de 1a publication 5.........ccceecvieeiieiieiiieiiecie e 126
IV.  Impact du traitement précoce sur le pronostic des patients ............cceeeveerveerreennnnnne. 133

Publication N°6 : Failure of Empirical Systemic Antifungal Therapy in Mechanically-

ventilated Critically T Pati€nts ..........ccccuvieiiiieiiieeiieceeeeee e 134
Supplément électronique de la publication 6 ............ccceevueeiiniiiiiiiiniicecece 145
CONCIUSION. ...ttt ettt et a bttt e be bt et e sbe e bt et sae e bt entesaneees 167
I.  Apport de la these sur la prise en charge des candidoses invasives.........c..ccceceenenne. 168

II. Apport des méthodes statistiques sur I’exploration des données observationnelles ... 169

Les SEries ChroNOIOZIQUES .......eevuiieiieiiieeiieeie ettt ettt ettt e sae et e saaeenseeneees 169
Les méthodes d’inférence causale ...........cocevieviiiiniiiiiiiieneee e 170
III.  Perspectives sur les candid0SEs INVASIVES .......ccoveeriieriieeiiieniieeieenie e siee e sene e 171
L’identification des patients a risque de candidose INVaSIVE .........cccveevveeeveerieenveeneennne. 171
L’identification des effets 1iés aux UST ........ccooiiiiiiiniiiineeeeeeeeee e 171
L’optimisation du dia@nOSTIC .......eeruieiiiiriieeiieriie ettt et e e et eebe e eese e 171
IV.  Perspectives StAtISTIQUES .....ccuveeeeuieeriieeiiieeiieeeiieeeieeeetreesaeeesneeesseeensseeensseesnsseeens 172

Références bibliographiqUeES .........cc.eeieiiieiiieeiiie et e e es 173



Abréviations

AE : Bactect Plus Aerobic /F

ANA : Bactect Plus Anaerobic /F

ARD : Absolute risk difference

ARIMA : Autoregressive integration mobile average
ATE : Average treatment effect

ATT : Average treatment effect in the treated

BC : Blood cultures

CHU : Centre hospitalier universitaire

CI : Confidence interval

CMI : Concentration minimale inhibitrice

DDD : Defined daily doses

DE : De-escalation

DR : Double Robust

ELISA : Enzyme-linked immunosorbent assay
ESCMID : European society of clinical microbiology and infectious diseases
ESM : Electronic supplement material

FSV : Fungal-selective vials

HD : Hospital day

HR : Hazard ratio

I : Intermédiaire/Intermediate

IC : Invasive candidiasis

ICU : Intensive care unit

IDSA : Infectious diseases society of America
IMV : Invasive mechanical ventilation

IPTW : Inverse probability of treatment weighting
IQR : Interquartile range

MIC : Minimum inhibitory concentration

MSM : modele structurel marginal

MY : Bactect Mycosis IC/F

OR : Odds ratio

PCR : Polymerase chain reaction



PR : Positivity rate

PS : Propensity score

R : Résistant/resistant

RCT : Randomized controlled trial
RR : Relative risk

RV : Resin vials

S : Sensible/Susceptible

SAPS : Simplified acute physiology score
SAT : Sytemic antifungal therapy
SOFA : Sepsis-related organ failure
TTP : Time to positivity

USI : Unité de soins intensifs



Résumeé

Les levures du genre Candida figurent parmi les pathogeénes majeurs isolés chez les patients
en soins intensifs et sont responsables d’infections systémiques : les candidoses invasives. Le
retard et le manque de fiabilité du diagnostic sont susceptibles d’aggraver 1’état du patient et
d’augmenter le risque de déces a court terme. Pour respecter les objectifs de traitement, les
experts recommandent de traiter le plus précocement possible les patients a haut risque de
candidose invasive. Cette attitude permet de proposer un traitement précoce aux malades
atteints, mais peut entrainer un traitement inutile et coliteux et favoriser I’émergence de

souches de moindre sensibilité¢ aux antifongiques utilisés.

Ce travail applique des méthodes statistiques modernes a des données observationnelles
longitudinales. Il étudie I’impact des traitements antifongiques systémiques sur la répartition
des quatre principales espeéces de Candida dans les différents prélévements de patients en
réanimation médicale, sur leur sensibilit¢ a ces antifongiques, sur le diagnostic des
candidémies ainsi que sur le pronostic des patients. Les analyses de séries de données
temporelles a I’aide de modéles ARIMA (moyenne mobile autorégressive intégrée) ont
confirmé ’'impact négatif de 1’utilisation des antifongiques sur la sensibilité¢ des principales
especes de Candida ainsi que la modification de leur répartition sur une période de dix ans.
L’utilisation de modé¢les hiérarchiques sur données répétées a montré que le traitement
influence négativement la détection des levures et augmente le délai de positivité des
hémocultures dans le diagnostic des candidémies. Enfin, [utilisation des méthodes
d’inférence causale a montré qu’un traitement antifongique préventif n’a pas d’impact sur le
pronostic des patients non neutropéniques, non transplantés et qu’il est possible de
commencer une désescalade précoce du traitement antifongique entre le premier et le

cinquiéme jour apres son initiation sans aggraver le pronostic.

Mots clés : traitement antifongique systémique; unités de soins intensifs; candidoses
invasives ; inférence causale ; données observationnelles longitudinales ; modeles structurels

marginaux.



Abstract

Candida species are among the main pathogens isolated from patients in intensive care units
(ICUs) and are responsible for a serious systemic infection: invasive candidiasis. A late and
unreliable diagnosis of invasive candidiasis aggravates the patient's status and increases the
risk of short-term death. The current guidelines recommend an early treatment of patients
with high risks of invasive candidiasis, even in absence of documented fungal infection.
However, increased antifungal drug consumption is correlated with increased costs and the
emergence of drug resistance whereas there is yet no consensus about the benefits of the

probabilistic antifungal treatment.

The present work used modern statistical methods on longitudinal observational data. It
investigated the impact of systemic antifungal treatment (SAT) on the distribution of the four
Candida species most frequently isolated from ICU patients', their susceptibilities to SATs,
the diagnosis of candidemia, and the prognosis of ICU patients. The use of autoregressive
integrated moving average (ARIMA) models for time series confirmed the negative impact of
SAT use on the susceptibilities of the four Candida species and on their relative distribution
over a ten-year period. Hierarchical models for repeated measures showed that SAT has a
negative impact on the diagnosis of candidemia: it decreases the rate of positive blood
cultures and increases the time to positivity of these cultures. Finally, the use of causal
inference models showed that early SAT has no impact on non-neutropenic, non-transplanted
patient prognosis and that SAT de-escalation within 5 days after its initiation in critically ill

patients is safe and does not influence the prognosis.

Keywords: systemic antifungal treatment, intensive care units, invasive candidiasis, causal

inference, observational longitudinal data analysis, structural marginal models.



Introduction



Depuis les années 1990, le progrés médical a contribué¢ a améliorer significativement
I’espérance de vie des patients séveres, notamment en unités de soins intensifs (USI). [1]
Cette amélioration est associée a une hausse des actes invasifs, des traitements
immunosuppresseurs et des thérapies antibactériennes a large spectre et a entrainé une

augmentation du nombre de patients a risque d’infections fongiques invasives.[2-4]

Les candidoses invasives, dues a des levures du genre Candida, constituent la premiére cause
d’infections fongiques en milieu hospitalier observées chez I’homme. [5-8] Alors que ces
infections étaient principalement identifiées chez les patients immunodéprimés, leur incidence
a augment¢ de facon importante ces trente derniéres années chez les patients non
immunodéprimés, [9] et plus particulierement en USL.[1] Bien qu’il s’agisse d’un événement
rare, dont I’incidence est estimée entre 2 a 10 cas pour 1000 patients admis en USI, [10] la
mortalité attribuable est considérée comme étant élevée, avec des estimations variant de 30 a
60 % en fonction des situations cliniques, [11-15] faisant de ces germes I’un des pathogénes

ayant le taux de mortalité attribuable le plus élevé. [16]

L’absence de spécificité clinique des candidoses invasives et le manque de fiabilité¢ des
méthodes biologiques rendent le diagnostic difficile et tardif, ce qui entraine un retard de
I’initiation d’un traitement antifongique adapté et aggrave le pronostic des patients. [17-19]
Pour faire face au retard de diagnostic et limiter le risque d’aggravation du pronostic, des
stratégies prophylactiques et probabilistes ont été mises en places. [20] L’apparition dans les
années 2000 des échinocandines, famille de molécules antifongiques ayant une action
fongicide a large spectre et n’entrainant pas d’effets indésirables ni d’interactions
médicamenteuses importantes, [21] a modifié¢ les pratiques. Ces molécules sont maintenant
recommandées en premiere intention pour la prise en charge des candidoses invasives en USI
par les principaux guides internationaux, et en traitement empirique chez les patients a risque

de candidose invasive sans infection documentée.[22, 23]



Alors que ces traitements probabilistes représentent trois traitements antifongiques
administrés sur quatre en USI, [20] leur bénéfice individuel, en I’absence de documentation
mycologique de I’infection, reste discutable. [24, 25] Au risque d'un sur-traitement inutile des
patients, s’ajoute une augmentation des colits d’hospitalisation, car ces traitements font partie
des médicaments onéreux, [26-28] et entrainent une sélection des espéces Candida résistantes
pouvant conduire a des échecs cliniques.[29-31] Une des possibilités pour réduire la pression
de sélection est de diminuer la durée du traitement en mettant en place une désescalade
thérapeutique.[22, 23] Cette désescalade peut se faire en remplagant la molécule initiale par
du fluconazole par voie orale, ou en arrétant le traitement. Cependant, il n’y a pas de
consensus sur de telles stratégies, et aucune étude n’a évalué I’effet potentiel de la désescalade

sur le pronostic des patients. [22, 23, 25]

Ce travail de thése a pour objectif de mieux répondre aux problématiques soulevées par la
prise en charge des candidoses invasives sur les patients séveres, non neutropéniques en USI.
Pour cela, nous avons choisi d’explorer des données observationnelles en appliquant des
méthodes statistiques innovantes, adaptées aux données évoluant dans le temps et permettant

une approche causale.

La premiére partie est une revue non systématique de la littérature qui vient compléter cette
introduction avec pour objectif de situer la problématique de la prise en charge des patients a

haut risque de candidoses invasives sans infection prouvée.

A vpartir de 13, nous explorerons, dans une deuxiéme partie, des bases de données
mycologiques du centre hospitalier universitaire (CHU) de Grenoble, fusionnées avec des
données cliniques et pharmaceutiques, d’une part pour évaluer la pression exercée dans le
temps par la consommation des traitements antifongiques sur la sélection des espéces
Candida au service de réanimation médicale et d’autre part pour estimer la valeur diagnostic

des hémocultures dans le cas des candidémies, en présence de traitement antifongique.



Dans une troisiéme partie, nous nous intéresserons a des bases de données cliniques de haute
qualité pour étudier I’impact de la désescalade précoce et du traitement empirique sur le
pronostic a court terme des patients. L’objectif est d’utiliser des méthodes statistiques récentes
permettant d’estimer ’effet causal moyen entre 1’exposition et le pronostic. Nous verrons
dans cette partie plus particulierement les modeles structurels marginaux qui ont été
développés au début des années 2000. [32] Ces méthodes, simples a mettre en ceuvre d’un
point de vue technique, reposent sur des hypotheses fortes et peuvent donner lieu a des
résultats biaisés en cas de mauvaise application. Etant donné que ces méthodes présentent un
intérét particulier pour 1’exploitation des données observationnelles en USI et que leur
utilisation se développe dans la littérature médicale, nous avons proposé un article

d’introduction pour les cliniciens.



Premiére partie : Etat des lieux sur le

traitement probabiliste des candidoses invasives



Cette premicre partie est une revue non systématique de la littérature qui compléte

I’introduction sous forme d’un article publi¢ dans la revue en ligne F1000.

Aprés un rappel des principaux facteurs de risque de candidose invasive, dont la colonisation
a Candida observée sur plusieurs sites qui joue un role clé, [10, 33] cet article fait le point sur
les principales méthodes de diagnostic des candidoses invasives existantes et leurs limites. La
difficulté de poser un diagnostic précis entraine souvent un retard dans la mise en place d’un
traitement antifongique adéquat qui est significativement associé¢ a une hausse de la mortalité.
[11, 19, 34] Pour réduire 1’aggravation du pronostic, les recommandations internationales
préconisent la prescription probabiliste de traitement antifongique.[22, 23] L’efficacité de ces
stratégies préventives pour des patients séveres, a haut risque de candidose invasive, avec un
choc septique, une colonisation extradigestive a Candida et de multiples défaillances
d’organes n’a pas été clairement démontrée. Cet article explore les différentes études ayant

exploré I’impact d’une stratégie probabiliste sur le pronostic des patients.

En conclusion, en I’absence de diagnostic fiable et précoce des candidoses invasives, il est
nécessaire d’approfondir les connaissances sur le bénéfice attendu des thérapies antifongiques

probabilistes des patients en ICU.
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Abstract

The potential of the systemic antdfungal treatment of non-immunocompromised patdents with sepsis,
extra-digestive Candida colonization and mulkiple organ failure is unknown, although it represents
three out of four antifungal treatments prescribed in intensive care units. It may allow an early
treatment of invasive fungal infection at incubation phase, but exposes patients to unnecessary
antifungal treatments with subsequent costs and antifungal selection pressure. As early diagnostic
tests for invasive candidiasis are stll considered insufficient, the potential of this strategy needs to be
demonstrated by a randomized controlled mial. Such a trial is currently ongoing.

Candidiasis is a mortality risk factor

Candida is one of the most frequently recovered
pathogens in patients with hospital acquired bloodstream
infections [1-3 ], where it is associated with a mortality rate
from 30 to more than 60% in case of septic shodk [4-8].

Major risk fadors for Candida colonization indude
length of intensive care unit (ICU) stay, use of parenteral
nutrition, broad-spectum and long-term antibiotics,
central lines, and abdominal swrgery. Imporantly, a
continuum exists between Candida colonization and
candidemia [9-11]. Thus, a colonization index (number
of colonized sites/number of sampled sites) of >0.5, with
recovery of the same Candida speces or genotypes in the
colonized sites and bloodstream, has been set up and is
assodated with an increased nsk of candidemia [11].
Studies conducted to develop a Candida score showed
that factors assodated with candidemia were surgery,
multiple-site Candida colonization, severe sepsis, and
parenteral nutrition [12]. Thus, Candida colonization,
although not unique, is a reliable independent risk
factor for candidemia [ 13-15]. Therefore, early systemic
antifungal therapy (SAT) deserves consideration in ICU
patients in whom they are increasingly used [16,17].

The diagnosis of candidemia is ofien difficult and delayed
because the sensitivity of blood culture bottles (even
in spedfic milieu) is not higher than 75% and decreased
by previous antifiungal therapy [18].

Non culture-based assays have been developed to
improve the diagnosis of invasive candidiasis. These
new tools have been mainly tested in hematological
patients and in surgical ICUs. (1-3)3-D-glucan is a cell
wall component of Candida sp. and other fungi. It
becomes detectable early during invasive candidiasis but
may also rise in other fungal infections. Indeed, (1-3)+3-
D-glucan rises in cases of aspergillosis, and Prneumocystis
jirmecii infections, but also in rare infections, such as
infection with Fusarium spp., Acremonium spp., Sporothrix
schenksi, Coacidioides immits, Histoplasma capsulatum, Blas-
tomyces dermatitidis, Trichosporon spp. and Saccharomyces
cerevisiae. Impornantly, (1-3)-3-D-glucan is not found
in Cryptococcosis or Zygomycetes infections (Adsidia,
Mucor, Rhizopus). (1-3)-3-D-glucan remains detectable
for more than one month after invasive candidiasis
[19,20]. The cut off value proposed for hematological
patients is 80 pg/ml but it appears to be higher in ICU
patients [20,21].

Page 1 of 6
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False positive results have been reponted in cases of
dialysis with cellulose membrane, albumin perfusions,
intravenous immunoglobulin administration, antibiotic
therapy with coamoxicdlav or Piperacillin-Tazobactam,
and bacteremia |21]. The reported sensitivity and
specificity of (1-3)-3-D-glucan is 57-97% and 56-93%,
respectively. Given the low prevalence of invasive
candidiasis in non-neutropenic patients, a negative test
is adequate to rule out a diagnosis of infection [22]. In
the recent study of the FUNGINOS group [23], in a
selected population of surgical ICU patients, two
consecutive measurements of ( 1-3)-3-D-glucan of more
than 80 pg/ml were assodated with a reasonable
diagnostic value (positive predictive value of 72%,
negative predictive value of 80%) that need to be
confirmed in further study on other non-surgical 1CLUI
populations. Importantly, (1-3)-3-D-glucan positivity
preceded the diagnosis of invasive candidiasis by 5 days

in mean.

Mannan, a polysaccharidic antigen from Candida cell
wall, is another potential diagnostic test. Both mannan
antigen and anti-mannan antibodies could be measured
using one enzyme-linked immunosorbent assay (ELISA)
kit. Mannanemia is more specific than (1-3)-3-D-glucan
but showed a lack of sensitivity in a recent study on
candidemia [20]. The combination of both tests pos-
sesses an acceptable diagnostic value (86% specificity
and 83% sensitivity) in a recent meta-analysis [24].

Finally, detection of Candida DNA using polymerase
chain reaction (PCR) seems to be both sensitive and
spedific in the available literature but standardization of
tests is lacking [25].

Early treatment of candidemia decreases
mortality of ICU patients with septic shock
Delays in initiating appropriate treatment have been
associated with increased moraality in patients with
bloodstream infections [4,26]. Similar findings have
been reported in patients with candidemia [26-29]. This
is especially the case for critically ill patients with septic
shock [8]. Imponantly, the control of the infected source
acts in synergy with the antifungal therapy. In a recent
study, both a delay in antifungal treatment of more than
24 hours (odds ratio=5.99, P=0.048) and the absence of
source control within the first 48 hours (odds ratio=2.99,
P=0.001) were associated with the risk of death in the
case of septic shock due to candidemia [7].

Overuse of antifungals modifies fungal ecosystem
and promotes antifungal resistance

The usual risk factors described in the more recent
predictive scores included variables that are frequent, and

lead us to treat 10-20% of the ICU patients | 13,30]. More
than two-thirds of these treatments are given without
definitive proof of invasive fungal infections [30].

As an example, the colonization index's positive pre-
dictive value is less than 9% in the EPCAN study [14]. In
medical ICU patients, 39% developed a colonization
index of more than 0.5, while, in the same period. no
invasive fungal infections were diagnosed [10].

New antifungal agents are well tolerated and over-
treatment might be considered safe on an individual
basis. However, new data from the US and Europe clearly
demonstrate that the overuse of antifungal drugs
contributes 1o both the emergence of Candida species
that are known to be less sensitive to antifungal agents, as
well as to the increased occurrence of sensitive Candida
species with inaeased minimum inhibitory concentra-
tions (MICs). Recently, Lortholary et al. reported that
azole derivatives and candins pre-exposure increased the
risk of fungemia due to species with higher MICs 1o the
corresponding antifungal agents |31]. Pfaller et al. found
an inaease in rates of fluconazole-resistant Candida
glabrata intermediate or resistant to candins over time,
from less than 4% between 2000 and 2002 to more than
12% between 2008 and 2010 |32]. Dannaoui et al.
reported 20 episodes of fungal infections caused by
candin-resistant Candida spp. that were harboring diverse
and new resistance mutations [33]. For 12 patients, the
initial isolates (low MICs, wild-type FKS gene) and the
subsequent isolates (after caspofungin treatment, high
MICs, FKS mutation) were genetically identical [33]. We
also recently described a significant relationship between
systernic antifumgal therapy ( SAT) consumption and MICs
of colonizing and infecting fungi in ICU patients [34].

Finally, two studies clearly showed that the pre-exposure
to candins was associated with episodes of C. glabrata
septicemia with strains of reduced susceptibility to
candins that harbored FKS mutation. Such strains were
associated with a higher rate of dinical failure of
echinocandin therapy [35,36).

Obviously, SAT should be used applying the same rules
as for other antimicrobial agents. It must be effective
and safe for the patient himself, and also for future
patients.

Empiric/pre-emptive treatment of ICU patients

has never proved to be effective

Regarding which benefits to expect from an empirical or
pre-emptive SAT in critically ill non-immunocompro-
mized patients, the current literature is inconclusive,
and trials demonstrating the efficacy of SAT in
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colonized patients with unresolved sepsis and organ
dysfunction are warmanted.

Empiric therapy is usually defined as a therapy instituted
in patients with dinical signs suggestive of ongoing
invasive infection (new systemic inflammatory response
syndrome, organ failures), while pre-emptive therapy is
given to patients with nisk factors and one or more
positive markers such as a rising colonization index or
(1-3)-3-D-glucan elevation above a threshold value that
remains to be determined in the ICU setting,

One may question the potential of empirical therapy of
ICU patients with sepsis and nisk factors of invasive
fungal infection, and of pre-emptive therapy of 1CU
patients with a positive biomarker such as Candida
colonization or (1-3)-3-D-glucan.

Regarding the so-alled empincal therapy, no dear
demonstration of efficacy has been published. In a
randomized controlled double-blind trial, a high dose of
fluconazole failed to reduce survival free of invasive
fungal infection in medical-surgical ICU patients with
non-resolving sepsis. In this study, Candida colonization
was diagnosed at inclusion of patients in only a quarter
of the cases [37]. The issue remains uncentain because the
diagnosis of invasive fungal infecion remains a challenge
in ICU. In a one-day prevalence swudy, the authoms
dedared 17% of nosocomial infections to be due to
Candida spp. |38], but only 99/14 4 14 patients developed
proven candidemia.

Candida colonization is a frequent event in ICU
patients [14]. The colonization index, validated 20-years
ago in long-term surgical ICLI patients, has been broadly
challenged. For instance, its positive predictive value is less
than 9% in the EPCAN study [14). Furthermore, in
medical ICU patients, 39% developed a colonization
index of more than 0.5, while, within the same period, no
invasive fungal infections were diagnosed |10]. Coloniza-
tion index remains an imporiant way to characterize the
dynamics of the colonization of ICU patients, which
increases early in patients who will go on to develop
invasive candidiasis, bur its bedside practicality remains
limited [39].

One before-and-after study showed decreased 1CU-
acquired candidemia rate when using a colonization
index-based fluconazole therapy, but without any
survival benefits [40].

Likewise, we are looking forward to having improved
diagnostic strategies to increase the sensitivity, specifidty
and prdicive values of the available tools, as well as

to reduce diagnostic delays. New tools such as assays to
measure (1-3)-8-D-glucan levels provided promising
results in ICU populations |23,41,42|. However, (1-3)-3-
D-glucan is not specific to candidiasis, is higher than 80
pg/ml in many ICU patients without invasive candidiasis,
and deaeases slowly under effective treatment [19,43,44].

Over the last 15 years, several smdies have evaluated
the potential benefits from SAT in ICU patients overall
[45-50], and in the subset of ICU patients with risk
factors for candidemia or sepsis of unknown origin
[37,40]. Pre-emptive SAT has been suggested for the
sickest surgical ICU patients, most notably those with
peritonitis [51]. More recently, an exploratory study
compared the efficacy and safety of micafungin as a pre-
emptive treatment of invasive candidiasis vs. placebo in
high nisk surgical subjects with intra-abdominal infections
in a multicenter randomized control trial (INTENSE NCT
NCT01122368 ). Results are available in clinicaltrials.jp
( http:/ /www.clinicaltrials.jp/user/display/file/94 63-EC-
0002%20synopsis.pdf?fileld=983). A total of 241 patients
were analyzed in the full analysis set. In this study, the rate
of independent data reviewing board-confirmed invasive
fungal infection after inclusion was similar in the
micafungin and placebo arms (8.9 vs. 11.1%). There was
no difference in mortality, invasive fungal infection-free
survival, and improvement of organ failures between the
micafungin and placebo arms. Micafungin significantly
reduced the colonization index.

In another multicenter, randomized, double-blind,
placebo-controlled trial (MSG 01) Ostrosky-Zeichner et al.
tested the use of caspofunginin 222 adults who were in the
ICLI for at least 3 days, were ventilated, received antibiotics,
had a central line, and had 1 additional risk factor
(parenteral nutrition, dialysis, surgery, pancreatitis, sys-
temic steroids, or other immunosuppressive agents) [52].
The primary endpoint was the incidence of proven or
probable invasive candidiasis. Unfortunately, in terms of
trial protocol, patients with sepsis and with two consecutive
(1-3)-3-Dglucan samples above 80 pg/ml were dassified as
probable cases of invasive candidiasis, which allowed the
investigators to break the blind and to administer themn
pre-emptive therapy with caspofungin. The pre-emptive
approach analysis included all patients who received the
study drug, induding those positive at baseline. The inci-
dence of proven/probable invasive candidiasis in the
placebo and caspofungin arms was 30.4% (31/102) and
18.8% (22/117) for the pre-emptive approach (P=0.04).
There were no significant differences in the secondary
endpoints of mortality, antifungal use, or length of stay.

Both studies give nse to commentis. The rate of proven
invasive candidiasis was low (6.9% and 11.1% in the
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piacebo arms of INTENSE and MSG-01 studies); it
suggests that the targeted population is not fully under-
stood and leads to suggestions that the studies are
considerably underpowered. The decrease in the risk of
probable infection in the MSG-01 study was not
associated with an improvemnent of vital status or duration
of ICU stay. This may be explained by the fact that (1-3)-3-
D-glucan serum level above 80 pg/ml should not be
considered an acaurate biomarker of invasive candidiasis.

Patients that may possibly benefit from early (empiric
or pre-emptive) antifungal treatment are those with a
high risk of invasive candidiasis. Given the results of the
study from Schuster et al. [37] and the work performed
by the EPCAN groups [12,53], we postulated that the
combination of multiple organ failure, sepsis of
unknown origin and multiple colonization with Can-
dida in mechanically ventilated patients for more than
four days and receiving board spectrum antibacterial
agents, should select a population with a particulardy
high risk of life-threatening invasive candidiasis. The
potential benefits ascribable to SATin this population is
currently being tested in the EMPIRICUS trial |54].
Results will be available in early 2015.

Conclusion

We consider that definite rules could not be derived for
systemic antifungal therapy. We need to strongly
encourage and promote studies able to improve diag-
nostic strategies, and randomized control trials further
defining the efficacy of SAT in colonized patients with
sepsis and multiple organ failures.

Pre-emptive treatment should be dedded at bedside,
after sampling at least two separate blood cultures with
10 ml volume of blood preferably on selective miliew, in
view of the uncertainty involved. To contain the
amtifungal selection pressure that is stanting to rise, we
also propose considering “stopping rules” after 5 days
when no proven invasive candidiasis occurs.

Until the development of acaurate early diagnostic tests
or the results from ongoing trials are available, a
demonstration of a clinical benefit of treatment of such
patients is warranted to solve uncertainties in the issue
dedding antifungal treatment in ICU setting.

Abbreviations
ICL, intensive care unit MIC, minimal inhibitory
concentration; SAT, systemic antifungal therapy.

Disclosures
Jean-Francois Timsit's university received research grants
from Astellas and Merdk. Jean-Frangois Timsit received

educationai grants from Gilead and iectured in symposia
organized by Astellas, Pfizer and Merck. Sébastien
Bailly and Sarah Chemam declare that they have no
disclosures.

Acknowledgments
We thank Dr Celine Feger (EmiBiotech™) for her review
of the final version of the manusaipt.

References

I. Blumberg HM, Jarvis WR, Soucie |M, Edwards |E, Patterson |E
Plaller MA, RangelFrauso M5 Rimaldi MG, Salman L Wiblin RT,
Wenzel RP: Risk factors for candidal bloodstream infections in
surgical intensive care unit patients: the NEMIS prospective
multicenter . The Mational Epidemiology of Mycosis
Survey. Clin Infect Dis 2001, 33:177-86.

1 RangelFrausto MS, Wiblin T, Blumberg HM, Salman L, Patterson ).
Rinaldi M, Pfaller M, Edwards JE. Jarvis W, Dawson |, Wenzed RP:
National epidemioclogy of mycoses survey (NEMIS): varia-
dons in rates of bloodstream infections due to Candida
species in seven surgical intensive care units and six neonatal
intensive care units. Clin Infect D 1999, 29:153-8.

3. Tabah A, Koulenti D, Laupland K. Misser B, Valles |, Bruzzi de
Carvalho, Frederico, Paiva |A. Cakar N, Ma X, Eggimann P,
Antonelli M, Bonten, Marc JM, Csomos A, Krueger WA,
Milstacki A, Lipman |, Depuydt P, Vesin A, Garrouste-Orgeas M,
Zahar |, Blot S, Carlet |, Brun-Buisson C, Martin C, Relo J,
Dimopoulos G, Timsit | Characteristics and determinants of
outcome of hospital-acquired bloodstream infections in
intensive care units: the EUROBACT International Cohort
Study. Intensive Core Med 2012, 38:1930-45.

4.  Garrouste-Orgeas M, Timsit |F, Tafflec M, Misset B, Zahar |, Soufir L
Lazard T, Jamali S, Mourvilier B, Cohen Y, Lassence A de, Azoulay E
Cheval C, Descorps-Declere A, Adrie C, Costa de Beauregard, Marie-
Alliette, Carlet |: Excess risk of death from intensive care unit-
acquired nosocomial bloodstream infections: a reappraisal.
Qin Infect Dis 2006, 42:1118-26.

5. Preee D, Li N, Woolkon RF, Wenze RP: Microbiclogical factors
influencing the outcome of nosocomial bloodstream infec-
tions: a 6-ycar validated, population-based model. Clin Infect Dis
1997, 24:1068-78.

6.  ‘Wisplinghoff H, Bischoff T, Tallent 5M, Seifert H, Wenzel RP.
Edmond MB: Nosocomial bloodstream infections in US hospi-
els: analysis of 24,179 cases from a prospective nationwide
surveillance study. Clin Infeat Dis 2004, 39:309-17.

FIOOO0OPrime

RECOMMENDED

7. Bassettl M, Righl E AnsadiF, MerelliM, Trucchi C, Cecilia T, Pascale G de.
Diaz-Martin A, Lurzrad R, Rosin C, Lagunes |, Trecarichi EM,
Sanguinetti M, Posteraro B Gamacho-Montero |, Sartor A, Rello |,
Della Rocea G, Antonelli M, Tumbardle M: A multicenter study of
septic shock due to candidemia: outcomes and predictors of
mortahty Intersive Care Med 2014, 40:839-45.

h'AFPEII'I'

B Kollef M, Micek S, Hampton M, Doherty JA, Kumar A: Sepﬂ: shock
attributed to Candida infection: importance Agh'k
d'nrlpr and source control. Oin hkd D 2012, 54 IT!"D

ECOMMENDED

9. m& Garbino |, Pictet D¢ Epidemiology of Candida species
s in critically ill non-immunosuppressed patients.
Lancet Infect Dis 2003, 3:685-702

10. Charles PE, Dalle F, Aube H, Doke JM, Quenot JP, Aho LS, Chavanet P,
Blettery B: Candida spp. colonization significance in critically ill

Page 4 of 6

(page numbar not for cltation purposes)



F1000Prime Reports 2015, 7:21

http//f1 000 com/prime/reports/m/7/21

2L

medical patients: a prospective study. intersive Care Med 2005,
31:393-400.

Piter D, Monod M, Suter PM, Frenk E, Auckenthaler R: Candida
colonization and subsequent infections in critically ill surgical
patients. Ann Surg 1994, 220:751-8.

Lebn C, Alvarez-Lerma F, Ruiz-Santana 5, Ledn MA, Naila |, Jordi R,
Saavedra P, Palomar M Fungal colonizadon andlor infection in
non-neutropenic critically ill padents: resules of the EPCAN
observational study. Eur | Clin Microbiol Infect Dis 2009, 28:233-42,

ICOOPrime

RECOMMENDEC

Eggimann P, Bille |, Marchetti O: Diagnosis of invasive candidiasis
im the ICU. Ann intensive Care 201 |, 1:37.

Leén C, Ruiz-Santana S Saavedra P, Galvin B, Blanco A, Castro C,
Balasini C, Utande-Vizquez A, Gonzilezr de Molina, Francisco |,
Blasco-Navalproto MA, Lopez M), Chardes PE, Martin E. Hemindez-
Viera MA: Usefulness of the “Candida score™ for discriminat-
ing between Candida colonization and invasive candidiasis in
non-peutropenic critically ill patients: a prospective multi-
center study. Crit Core Med 2009, 37:1624-33.

FICCOPrime

RECOMMEMDED

Ostrosky-Zeichner L: Issues in the design and interpretation of
antl‘ﬁm;al drug trials in the critically ill. Curr Opin Infect Dis 2009,
22:564-7.

Marchetti O, Bille |, Fluckiger U, Eggimann P, Ruef C, Garbino },
Calandra T, Glauser M, Tauber MG, Pittet D: Epidemiology of
candidemia in Swiss care hospitals: secular trends,

1991-2000. Ciin Infect Dis 2004, 38:311-20.
FICOOPime

RECOMMEMDED

San Miguel, Lucia Garcia, Cobo |, Otheo E Sinchez-Sousm A,
Abraira ¥, Moreno & Secular trends of candidemia in a large
tertiary-care hospital from 1988 to 2000: emergence of
Candida parapsilosis. Infect Control Hesp Epidemial 2005, 26:548-52.

F1 OPrime

RECOMMENDED

Kéck R, Eiing LC, Boschin MG, Elger B, Horn D, Idelevich EA,
Becker K: Evaluation of bactec mycosis IC/IF and Plus Aerobic/
F blood culture bottles for detection of Candida in the
presence of antifungal agents. | Clin Microbiol 2013, 51:3683-7,

FIOOOPrime

RECOMMENDED
Jallakul §, Vazquez JA, Swanson RN, Ostrosky-Zeichner L (1,3)43-D-
glucan as a prognostic marker of treatment response in
imvasive candidiasis. Cin Infect Dis 2012, 55:521-6.

FIOOOPrime

RECOMMEMNDED

Poissy |, Sendid B, Damiens 5, lchi Ishibashi K, Frangois N, Kauv M,
Favory R, Mathieu D, Poubin D: Presence of Candida cell wall
derived polysaccharides in the sera of intensive care unit
patients: relation with candidaemia and Candida colonisation.
Crit Care 2014, 18:R135.

JPrime

IMENDED

Ledn C, Ostrosky-Zeichner L, Schuster M: What's new in the
clinical and diagnostic management of invasive candidiasis in
critically ill patients. Intersive Care Med 2014, 40:808-19.

FICOOPrime

RECOMMEMDED

Karageorgopoulos DE, Vouloumanou EK, Ntziora F, Michalopoulos A,
Rafallidis Pl, Fahgas ME (3-D-glucan assay for the diagnosis of
invasive fungal infections: a meta-analysis. Clin Infect Dis 2011,
52:750-70.

F)

[
o

24,

26.

7.

29.

L.

32

Tassot F, Lamoth F, Hauser PM, Orasch C Fllickiger U, Slegamund M,
Zimmerli 5, Calaindra T, Bille ), Eggimann P, Marchettl O: 3-glucan
antigenemia anticipates diagnosis of blood culture-negative
intraabdominal candidiasis. Am | Respir Crit Core Med 2013,
188:1100-9.

Mikulska M, Calindra T, Sanguinecti M, Poulain D, Viscoli C: The use
of mannan antigen and anti-mannan antibodies in the
diagnosis of invasive candidiasis: recommendations from
the Third European Conference on Infections in Leukemia.
Crit Care 2010, 14:R222.

Shields RM, Cheng S, Mitsani D, Vadnerkar A, Silveira FP,
Kleboeker SB, Clancy CJ: Performance of Candida real-time
polymerase chain reaction, J-D-glucan assay, and blood
cultures in the diagnosis of invasive candidiasis. Clin Infea Dis
2012, 54:1240-8.

FIOOO0OPrime

RECOMMENDED

Grim SA, Berger K, Teng C, Gupta 5, Layden JE, Janda WM, Clark NM:
Timing of susceptibility-based antifungal drug administration
in patients with Candida bloodstream infection: correlation
with outcomes. | Antimicrob Chemother 2012, 67:707-14.

OPrime

MMEMNMDED

Garey KW, Rege ™M, Pal MP, Mingo DE S5uda K|, Tumpin RS,
Bearden DT: Time to initiation of luconazole therapy impacts
mortality in patients with candidemia: a multidnstitut onal

study. Oin Infea Dis 2006, 43:25-31.
F1IOOOPrime

RECOMMENDED

Labelle A}, Micek 5T, Roubinian N, Kollef MH: Treatment-related
risk factors for hospital mortality in Candida bloodstream
infections. Crit Care Med 2008, 3&:2967-71

Maorrell M, Fraser V), Kollef MH: Delaying the empiric treatment
of candida bloodstream infection until positive blood culture
results are obtained: a potential risk factor for hospital
mortality. Antimicrob Agents Chemother 2005, 49:3640-5.

Azoulay E. Garrouste M, Goldgran-Toledsno D, Adrie C, Max A,
Vesin A, Francak A, Zahar |, Cohen Y, Albouchiche B, Schlemmer B,
Timsit | Increased nonbeneficial care in patients spending
their birthday in the ICU. Intensive Care Med 2012, 38:1169-76.
Lortholary O, Desnos-Ollivier M, Sitbon K, Fontanet A, Bretagne S,
Dromer F Recent exposure to caspofungin or fluconazole
influences the epidemiol of candidemia: a prospective
multicenter study involving 2,441 patients. Antimicrob Agents
Chemather 2011, 55:532-8.

COMMENDED

Plaller MA, Castanheira M, Lockhart SR, Ahlquist AM, Messer SA,
Jones RN Frequency of decreased susceptibility and resistance
tw echinocandins among fluconazole-resistant blo odstream
isolates of Candida glabrata. | Cin Micobiol 2012, 50:1 | 99-203.

FICOOPTrime

RECOMMENDED

Dannacui E Desnos-Ollivier M, Garca-Hermoso D, Grenouillet F,
Cassaing 5. Babwench M, Bretaghe 5, Dromer F, Lortholary O Candida
spp. with acquired echinocandin resistance, France, 2004-201 0.

Page 5 of 6
(page number nol for citation purposos)



F1000Prime Reparts 2015, 7:21

hitp2//f1000.com/prime/reports/m/7/21

35

36.

37

41.

4L

43.

Fournier P, Schwebel C, Maubon D, Vesin A, Lebeau B, Foroni L,
Hamidfar-Roy R, Cornet M, Timske |, Pelloux H: Antifungal use
influences Candida species distribution and susceptibility in
the intensive care unit, | Antimicrob Chemather 2011, 66:2880-6.

Alesander BD, johnson MD, Pleiffer CD, Jiménez-Ortigosa C, Camnia ),
Booker R, Castanheira M, Messer SA, Perin DS, Pfaller MA: Increasing
echinocandin resistance in Candida glabrata: clinical failure
correlates with presence of FKS mutations and elevated
mnhhmn inhibitory concentrations, Cln Infea Ds 2013, 56&
1 72432

FICOOPime

RECOMMENDED

Shields RK. Nguyen MH, Press EG, Updike CL, Clancy CJ: Caspofungin
MICs correlate with treatment outcomes among patients with
Candida glabrata imvasive candidiasis and prior echinocandin
exposure. Amtimicrob Agents Chemother 2013, 57:3528-35,

FICOOPime

RECOMMENDED

Schuster MG, Edwards |E, Sobel |D, Darouiche RO, Karchmer AW,
Hadley S, Slotman G, Panzer H, Biswas P, Rex JH Empirical
fluconazole versus placebo for intensive care unit patients: a
randomized trial. Ann intem Med 2008, 149:83-90,

= Prime

RECOMMENDED

Ket DH, E. Echeverria PM, Vincent |: Candida blood-
stream infections in intensive care units: analysis of the
extended prevalence of infection in intensive care unit study.
Crit Care Med 2011, 39:665-70.

Eggimann P, Pitet D¢ Candida colonization index and subse-
quent infection in critically ill surgical patients: 20 years later.
Intersive Care Med 2014, 40:1429-48.

Piarroux R, Grenouillet F, Balvay P, Tran V, Bhseo G, Millon L,
Boillot A: Assessment of preemptive treatment to prevent
severe candidiasis in critically ill surgical patients. Crit Care Med
2004, 32:2443-9.

Posteraro B, Pascale G de, Tumbarelo M, Torell R, Pennisi MA,
Bello G, Maviglia R, Fadda G, Sanguinetti M, Antonelli M: Early
diagnosis of candidemia in intensive care unit patients with
sepsis: a prospective comparison of (1-3)-3-D-glucan assay,
Candida score, and colonization index. Crit Care 2011, 15:R249,
Held ). Kohlberger |, Rappold E Busse Grawizz A, Hicker G:
Comparison of (1-3)3D-glucan, mannanfanti-mannan anti-
bodies, and Cand-Tec Candida antigen as serum biomarkers
for candidemia. | Clin Microbiol 2013, 51:1158-64.

Sims CR. Jaifjskul S, Mohr ], Rodriguez |, Finkelman M, Ostrosky-
Zeichner L Correlation of clinical outcomes with [(3-glucan
levels in patdents with invasive candidiasis. | Clin Microbiol 2012,
50:2104-6.

Clancy CJ. Nguyen MH: Finding the “missing 50%" of invasive
candidiasis: how nonculture diagnostics will improve under-
standing of disease spectrum and transform patient care.
Clin Infec Dis 2013, 56:1284-92,

47.

51,

52.

53.

Cruciani M, iLailla F de, Mengoli C: Prophyiaxis of Candida
infections in adult trauma and surgical intensive care patients:
a systematic review and meta-analysis. intensive Care Med 2005,
31:1479-87.

Garbino |, Lew DP, Romand |, Hugonnet S, Auckenthaler R, Pimet D:
Prevention of severe Candida infections in nomneutropenic,
high-risk, critically il patdents: a randomized, double-blind,
placebo-controlled trial in patients treated by selective
digestive decontamination. Intersive Care Med 2002, 28:1708-17.

Jacobs 5, Price Evans, David A, Tarig M, Al Omar, Masser Fawzan:
Fluconazole improves survival in septic shock: a randomized
double-blind prospective study. Crt Care Med 2003, 31:1938-46.

Pelz RK, Hendrix CW, Swoboda 5M, Diener-West M, Merz WG,
Hammand |, Lipsett PA: Double-blind placebocontrolled trial of
fluconazole to prevent candidal infections in critically ill
surgical patients. Ann Surg 2001, 233:542-8.

Playford EG, Webster AC, Sorrell TC, Craig JC: Antifungal agents
for preventing fungal infections in non-neutropenic critically
ill and surgical patients: systermatic review and meta-analysis
;;'sr;a-ngmhud clinical trials. | Antimicob Chemother 2006,

Shorr AF, Chung K. Jackson WL, Waterman PE. Kollef MH:
Fluconazole prophylaxis in critically ill surgical patients: a

Hennequin C, Mardn C: Candida as a risk factor for mortality in
peritonitis. Crit Care Med 2006, 34:646-52

Ostrosky-Zelchner L, Shoham S, Vazquez |, Rebol A, Bers R,
Barron MA, Schuster M, Judson MA, Revanlkar SG, Caeiro |P,
Mangino |E, Mushart D, Bedimo R, Freifeld A, Nguyen MH,
Kauffrman CA, Dismukes WE, Westfall AQ, Deerman |B, Woed C.
Sobel |D, Pappas PG: MSG-01: A randomized, double-blind,
placebo-controlled trial of caspofungin prophylaxis followed
by preemptive therapy for invasive candidiasis in high-risk
adults in the critical care setting. Gin Infea Dis 2014, 58:1219-26.

Leén C, Ruiz-Santana §, Saavedra P, Almirante B, Molla-Salas |,
Alvarez-Lerma F, Garnacho-Montero |, Ledn MA: A bedside scoring
system (“Candida score”) for early antifungal treatment in
nonneutropenic critically i;lyg_aﬂenu with Candida coloniza-
tion, Crit Care Med 2006, 34:730-7,

OPrime

MENDEL

Timsit |, Azoulay E, Cornet M, Gangneux |, Jullien V, Viésin A, Schir E,
Wolff M: EMPIRICUS micafungin versus placebo during
nosocomial sepsis in Candida multi-colonized ICU patients
with multiple organ failures: study protocol for a randomized
controlled trial. Triok 2013, 14:399.

Page 6 of 6
(page number not for citation purposes)



Deuxiéme partie : Exploration de données

mycologiques longitudinales



I.

Présentation des données

Pour cette partie, nous avons privilégié une approche rétrospective a partir des informations

disponibles dans les bases de trois systémes d’information du CHU de Grenoble :

Le systtme d’information du laboratoire de mycologie (Synergie software,
Technidata, Meylan, France) qui rassemble les examens biologiques réalisés et
comprend les données générales des patients et les données des prélévements
biologiques (date de prélévement, type de prélévement, résultats et especes identifiées
notamment). Cette base est couplée a 1’automate d’hémoculture qui enregistre en
continu le temps de positivité des flacons dans le logiciel BD EpiCenter' ™ (Beckton
Dickinson, USA).

La base de données de la pharmacie hospitaliere (Opium) qui centralise les
prescriptions réalisées par service et par patient. L’informatisation n’étant pas
généralisée a tous les services, il a été nécessaire de compléter avec la lecture des
dossiers patients.

Les dossiers cliniques des patients qui sont enregistrés dans une plateforme commune
accessible au sein du CHU de Grenoble (Critalnet) et recensent 1’ensemble des

¢léments associés au parcours de soins des patients.

Les différentes données ont ét¢ fusionnées pour chaque patient dans deux bases de données

longitudinales distinctes pour aborder deux questions concernant ’impact des pratiques de

prescription des traitements antifongiques.

La premiere question traitée concerne l’effet de la consommation sur 1’évolution de la

pression de sélection des levures dans le service de réanimation médicale. La deuxiéme

question porte sur I’effet du traitement antifongique sur la détection des levures dans les

flacons d’hémocultures et sur le choix du type de flacon a privilégier.



II. Effet du traitement antifongique sur la pression de sélection des especes
Candida en USI : analyse de séries temporelles
En milieu hospitalier, 40 % des infections fongiques sont recensées en USI ou elles
représentent pres de 20 % de I’ensemble des infections, [1, 7] entrainant une augmentation de
la consommation en antifongiques dans le temps. Une des possibilités d'étudier 1'effet de cette
hausse sur la sélection des levures est d'exploiter des séries de mesures de 1’évolution des
prescriptions d’antifongiques mensuelles, de la distribution des différentes espéces de
Candida et de leur sensibilité aux antifongiques évaluée par leurs concentrations minimales

inhibitrices (CMI) mesurées par antifongigrammes.

Pour exploiter ces séries temporelles, définies par un ensemble d’observations indexées sur le
temps a des intervalles réguliers, les méthodes d’analyse de variance supposant que les
données observées correspondent a des réalisations indépendantes de variables aléatoires sont
souvent utilisées quoique non adaptées. En effet, lorsque des données se suivent dans le
temps, il est fort probable que les observations consécutives soient dépendantes les unes des

autres. [35]

De méme, les régressions multi variées, a partir du modele linéaire généralisé, supposent que
les termes d’erreurs aient la méme variance dans le temps, soient indépendants les uns des
autres et aient une distribution normale, ce qui n’est pas toujours le cas dans les séries
temporelles. Enfin, les méthodes standards se basent sur des comparaisons de périodes assez
longues, par exemple la comparaison de différentes années, qui ne prennent pas en compte les

petites évolutions de consommation d’agent anti-infectieux ou de CMI observées. [36]

C’est pourquoi il est plus pertinent d’utiliser des méthodes adaptées a I’analyse de séries
temporelles, notamment les modeles ARIMA. [37, 38] Ces modéles s’appuient sur

I’information contenue dans les données en utilisant trois processus :



- Autorégressif (AR) qui suppose que la ou les observations précédentes déterminent la
valeur de I’observation présente. Autrement dit, le modele n’est pas déterminé par une
valeur de référence, mais chaque point peut-étre prédit par la somme pondérée d’un
ensemble de points précédents a laquelle s'ajoute un terme aléatoire d’erreur.

- Intégration (I) qui permet de rendre la série stationnaire. En effet, les modéles ARIMA
ne fonctionnent que sur des séries temporelles dont la moyenne est constante dans le
temps. Si cela n’est pas observé naturellement, il est nécessaire de remplacer la série
originale par une série intégrée dans laquelle toute tendance a été supprimée.

- Moyenne mobile (MA) qui suppose que chaque point est fonction des erreurs
entachant les points précédents plus sa propre erreur. C’est-a-dire que la valeur de

référence de la série n’est pas constante, mais varie d’une observation a 1’autre.

La méthode développée par Box et Jenkins [35] explore chacun de ces processus pour définir
le meilleur modele ajustant les séries chronologiques étudiées. De plus, a I’aide d’une
fonction de transfert, il est possible de déterminer s’il existe une corrélation dans le temps
entre deux séries et de définir quel est le délai le plus significatif associé a cette corrélation.
[36, 39] Une premicre étude réalisée sur le CHU de Grenoble avait établi un lien entre
I’augmentation de la consommation d’antifongiques et I’évolution de la résistance des especes
Candida a ces molécules, malgré un faible recul pour la caspofungine. [30] En appliquant ces
modeles sur une période plus longue, de dix ans, nous avons pu étudier ’impact de la
consommation de cinqg molécules : I’amphotéricine B, le voriconazole, le fluconazole, la
caspofungine et la micafungine sur quatre espeéces Candida : C. albicans, C. glabrata, C.

parapsilosis et C. tropicalis

Cette étude a été présentée dans un article en cours de révision au Journal of Infection.
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Résumé de ’article

Depuis 2003, de nouvelles molécules antifongiques ont été introduites pour la prise en charge
des candidoses invasives en USI : les échinocandines. Ces molécules présentent un spectre
d’action plus large pour les levures du genre Candida incluant les especes C. glabrata et C.
krusei et leur consommation a augmenté¢ avec 1'évolution des recommandations en faveur de
ces traitements. Les pratiques de prescription des antifongiques ont été évaluées en
réanimation médicale au CHU de Grenoble en 2010 sur une courte période et ont mis en

évidence un lien entre la consommation d’antifongique et 1’évolution des CML.

L’objectif de cette ¢étude est d’évaluer I’effet de la prescription d’antifongiques
(amphotéricine B, fluconazole, voriconazole, caspofungine et micafungine) sur la sensibilité
et la distribution des principales espeéces Candida (albicans, glabrata, parapsilosis et

tropicalis) au service de réanimation médicale de Grenoble de 2004 a 2013.

Pour cela, la consommation d’antifongique a été¢ déterminée en nombre de doses journaliéres
définies pour 1000 jours d’hospitalisation (DDD/HD). Les données concernant la distribution
des especes Candida et les CMI des antifongiques ont été recueillies sur la période d’étude.

Les données temporelles ont été analysées a 1’aide de modeles ARIMA.

Cette étude a montré que sur 2.403 espeéces Candida isolées sur 5.360 patients, C. albicans est
I’espece majoritaire (53,1 %) suivie de C. glabrata (16,2 %), C. parapsilosis (7,9 %) puis C.
tropicalis (7,5 %). Les principaux antifongiques prescrits sur le CHU sont les échinocandines
avec une consommation mensuelle moyenne de 44.8 (+19.2) DDD/HD. Cette consommation
a augmenté significativement dans le temps, avec un minimum observé en 2004 a 17.9
DDD/HD et un maximum en 2013 de 71.3 DDD/HD. Sur la méme période, il n’y a pas eu de
variation significative de la consommation de fluconazole, avec une consommation mensuelle

moyenne de 31.5 (£11.6) DDD/HD.



Les analyses des séries temporelles ont montré une corrélation significative entre 1’évolution
de la consommation d’antifongique et la distribution des principales especes Candida. De
méme, I’augmentation de la consommation d’antifongique est associée dans le temps a une
augmentation des CMI de C. parapsilosis, C. glabrata et C. albicans pour la caspofungine et

C. glabrata pour I’amphotéricine B.

Pour conclure, les antifongiques augmentent la pression de sélection sur les espeéces Candida
en USI. Le supplément électronique présenté a la suite de 1’article montre I’évolution de la
fréquence des especes classées comme sensibles, intermédiaires ou résistantes aux différents
antifongiques. Si les modifications observées n’ont pas d’impact clinique, les résultats
soulignent tout de méme la nécessité d’assurer un suivi des prescriptions dans le temps pour

éviter I’émergence de phénomenes de résistance liés a la pression de sélection.
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Abstract

INTRODUCTION: The incidence of Candida spp. infections is worrisome, particularly in
critically ill patients. Previous reports suggested that the increasing use of antifungal therapy
might affect resistance profiles of invasive strains. The study objective was to describe the
distribution resistance profiles of Candida spp. strains, and to correlate it with antifungal
consumptions within one ICU.

METHOD: Antifungal drug consumption was measured as the number of defined daily doses
per 1000 hospital days. The distribution of Candida spp. over a 10 year period (2004-13) and
the MICs of antifungal drugs over 2007-13 were determined. Time series analyses were
performed.

RESULTS. Of 2,403 identified Candida spp. from 5,360 patients, C. albicans predominated
(53.1%), followed by C. glabrata (16.2%), C. parapsilosis (7.9%) and C. tropicalis (7.5%).
C. parapsilosis increased from 5.7% in 2004 to 8.4% in 2013 (P=0.02). The increase in
caspofungin use is correlated with the increase in caspofungin MICs of C. parapsilosis
(P=0.01), C. glabrata (P=0.001) and C. albicans (P=0.02). Polyenes consumption correlated
with an increase in amphotericin B MICs of C. glabrata (P=0.04).

CONCLUSION. Previous history of antifungal prescription within an ICU influences
Candida species distribution and susceptibility profile to antifungal agents. The significant

selective pressure exerted by caspofungin and amphotericin B on C. glabrata is a concern.



Introduction

Candida spp. strains are the most common causes of fungal infections, and the incidence of
Candida spp. infections has risen over the last two decades. They account for up to 17% of all
ICU-acquired infections and are associated with a high and worrisome increasing trend in
mortality rate (1, 2). This increase is partly explained by the increased exposure of ICU
patients to multiple-site Candida colonization along with invasive procedures (promoted by
severe underlying illness, renal replacement therapy, prolonged antibacterial therapy,
complicated abdominal surgery, parenteral nutrition, urinary catheter, intravascular lines) (3).
The diagnosis of infected patients still relies mainly on blood or sterile-site cultures, although
their lack of sensitivity results in detrimental delay in initiating targeted antifungal therapy (4,

5).

In an attempt to limit Candida-related mortality, appropriate treatment of proven infection
should be started as early as possible. (6) This approach-was extended to an increasing
number high risk patients with suspected candidiasis.(7, 8) Thus systemic antifungal
treatments (SAT) are widely prescribed in ICU (9, 10) despite the controversies about the
actual benefits of this strategy (11, 12). Concerns about misuse of SAT in ICU patients
include possible increase of adverse effects, drug interactions and costs (5). In addition,
previous studies suggested that antifungal exposure may favor the selection of acquired
resistance among isolates recovered from both colonization and infection (5, 13). Indeed,
recent reports established the rise of clinical failures associated with acquired resistance (4,
14, 15). Molecular resistance to echinocandins is mainly mediated by mutations in the FKS
genes, which confer cross-resistance to all three echinocandins. FKS mutations are associated

with clinical failure in patients receiving echinocandin treatments (15).

Over the past 15 years, antifungal drugs have been increasingly prescribed. However, the

commonly used antifungal armamentarium is poor and targets actually only two main fungal



components (the membrane and the cell wall). Because global resistance emergence is a
slower process on eukaryotes organisms, ecological impact of drug pressure have to be
monitored on longer periods than for bacteria. Ecological changes on a wide period can be
multifactorial. We previously reported limited data suggesting that antifungal use predisposes
to select some Candida species and to increase their minimum inhibitory concentrations

(MICs). (13)

The objective of this study was to describe both the distribution and the antifungal
susceptibility profiles of Candida spp. isolates recovered from colonized and infected sites in
ICU patients during a 10-year period. The correlation between antifungal consumptions and
both Candida spp. distribution and susceptibility profiles was assessed using autoregressive
integrated moving average (ARIMA) models and a transfer function. This method is well
adapted to demonstrate temporal relationship between two time series such as consumption

modification and ecological changes.



Methods

This is a retrospective study which was carried out in the Grenoble University Hospital ICU,
France, between January 2004 and December 2013. This 18-bed ICU serves medical and
surgical adult patients, including transplant recipients and patients with hematological and
solid malignancies. It was an observational study based on anonymous monthly data. It was

not necessary to obtain patient’s consent and ethic approval.

Antifungal drug use

Data on antifungal drug use were extracted from the electronic database of the hospital
pharmacy. Targeted antifungal drugs were polyenes (including amphotericin B and liposomal
amphotericin B), caspofungin, micafungin, voriconazole and fluconazole. Regarding
itraconazole, posaconazole, 5-fluorocytosine and anidulafungin, the levels of use in our ICU

was considered too low during the study period to exert major effects.

We converted antifungal drug doses from milligrams to defined daily dose per 1000 hospital
days (DDDs/1000HD), in accordance with the Guidelines for ATC classification and DDD
assignment (WHO collaborating Centre for Drug Statistic Methodology; www.whocc.no).
The DDDs were 70 mg for amphotericin B, 210 mg for liposomal amphotericin B, 50 mg for
caspofungin, 100 mg for micafungin, 400 mg for voriconazole and fluconazole. In a second
step, we pooled the data for amphotericin B and liposomal amphotericin B to define overall

polyene use.



Sampling and Candida spp. identification

All Candida-positive specimens from blood culture, respiratory tract, oropharyngeal tract,
urine, stools, surgical site, and drains were considered (table 2). When multiple isolates were
obtained from the same patient at the same time, all Candida spp. were included in the study

but only the first isolate of a given species was considered in the analysis.

Specimens were inoculated onto CAN2 chromogenic isolation plates and/or Sabouraud
chloramphenicol tubes (bioMérieux, Lyon, France) and incubated for 3-6 days at 35°C. The
following rapid tests were used for identification: rapid assimilation or agglutination tests
(Glabrata RTT, Bichro-Latex Albicans and Krusei-Color; Fumouze Diagnostics, Levallois-
Perret, France) and api-ID32C (bioMérieux, Lyon, France). Blood samples were inoculated
on Mycosis IC/F, Bactec Plus Aerobic/F, Bactec plus Anaerobic/F media and incubated up to

5 days in a Bactec 9240 automated system (Becton Dickinson Inc., Sparks, MS, USA).

Antifungal drug susceptibility

Yeast isolated from blood cultures, deep sites and normally sterile sites were tested routinely.
For non-sterile sites (e.g. the lower respiratory tract and stools), the decision to perform
antifungal drug susceptibility testing was based on the underlying disease and on the
physician’s request. The Etest® method (bioMérieux) was used during the 2007-2013 period.
Fluconazole, amphotericin B, caspofungin and voriconazole Etest strips were placed on RPMI

1640 agar (AES, Reuz, France) and incubated at 35°C for 24h as recommended.

MICs were classified in subcategories (sensible (S), intermediate (I) and resistant (R)) for the

four main species (C. albicans, C. glabrata, C. parapsilosis and C. tropicalis) following the



official EUCAST and CLSI recommendations (9, 15). (Additional details on MICs

subcategories are provided in the Supplemental Digital Content SDCI).

Statistical analysis

For the most commonly isolated Candida spp. the monthly incidences and their changes over
time were assessed using linear regression with correction for autocorrelation (AUTOREG
procedure, SAS Inc. Cary, NC, USA). The Durbin-Watson statistic was used to identify
significant autocorrelation terms. The same method was used to test linear trends in antifungal
drug use over time. Fisher’s test was performed to evaluate relationships between MIC sub-
categories and time periods; the Chi? test for trend was used when only two MIC categories

were available.

The relationship between monthly antifungal drug use and 1) monthly median MIC of the
same drug 2) proportion of Candida spp. were assessed using a dynamic regression model. In
our study, this method consisted of modeling MIC or Candida spp. using the ARIMA model
and adding drug consumption as an explanatory variable through a specific function (called
‘transfer function’). ARIMA was designed to model a quantitative series over time by
identifying the correlation with the past values of the same variable (AR stand for
autoregressive) and abrupt changes in the recent past (MA stand for moving average). This
method allowed us to determine the most likely time for the occurrence of the potential effect
of antifungal drug use on the MIC or species proportions for each particular drug (16). The
model-building process for each antifungal drug-Candida spp. pair involved four steps: (i) a
linear interpolation for MIC missing values (i) an ARIMA model was fitted to the MIC or
species proportions series and to the drug-use series; (iii) the cross-correlations of the series

were estimated to identify any significant and relevant delayed association over time; and (iv)



the drug-use series was entered in the MIC or strain proportions model using the transfer

function in ARIMA (0,0,0) according to the lag found in step 2.

Series stationarity was tested (Dickey and Fuller test) and ensured by data differencing or
transformation. The model yielding the lowest Akaike information criterion was chosen as the
best model. Goodness-of-fit was assessed throughout model fitting using a white noise test of

residuals and cross-correlation check of residuals.

Statistical analyses were performed using SAS 9.3 (SAS Inc).



Results

Patient population

During the 10-year period, 5,360 patients were included, among whom 1,712 had at least one
specimen that yielded Candida spp. The mean number of ICU admission per year was 882
(SD 131 ; median 911), and the mean hospitalization days per year was 5823 (SD 572 ;
median 5765). The mean simplified Acute Physiology score II (SAPS II) in the ICU per year
was 45 (SD 1.65), the mean number of ICU death per year was 140 (SD 35) and the mean

number of hospital death per year was 204 (SD 45).

Antifungal drug use

Table 1 reports the overall antifungal drug use during the study period. In 2013, micafungin
was the most recently introduced (2010) and the most heavily used antifungal drug (38.8
DDDs/1000 HD), followed by fluconazole (37.7 DDDs/1000 HD), caspofungin (32.5
DDDs/1000HD), voriconazole (31.4 DDDs/1000 HD) and amphotericin B (19.1
DDDs/1000HD). Echinocandins use, including caspofungin and micafungin, increased
significantly from 2004 to 2013 (p <0.0001). There was a trend to a non-significant decrease
of amphotericin B use (p=0.15). The use of fluconazole, voriconazole remained unchanged

over the whole study period (p=0.29, and p=0.46 respectively).

Distribution of Candida spp.

Table S1 in the Supplemental Digital Content reports the source of the samples and the
culture results. Of the 42,873 samples collected during the study period, 8,362 (19.5%)
yielded a Candida spp. Each species was counted only once per patient, which yielded a total
of 2,403 Candida spp. isolates. Table 2 shows the distribution of Candida spp. C. albicans

predominated (53 %), followed mainly by C. glabrata (22.2%), C. parapsilosis (7.9%), and



C. tropicalis (7.5%). The proportion of C. parapsilosis isolates increased significantly, from
5.7% (10/174) in 2004 to 8.4% (19/225) in 2013 (p=0.02). No changes occurred over time for

the other Candida spp.

Correlations between antifungal drug use and Candida spp. distribution

We observed many significant correlations between previous use of antifungals and Candida
spp. distribution (Table 3). The correlations were maximized for time lags varying from 2 to 7

months according to analyzes.

Antifungal susceptibility profiles

Table S2 in the Supplemental Digital Content reports the antifungal susceptibility data. The
statistical analysis of drug susceptibility data for 2007-2013 was confined to the four most
common species, namely, C. albicans (n=380), C. glabrata (n=107), C. parapsilosis (n=65)
and C. tropicalis (n=49), resulting in 892 Etest determination. The proportion of C. albicans
isolates showing fluconazole MICs between 0 and 0.5 mg/L increased significantly from 52%
in 2007 to 90% in 2009 (p<0.0001) and stabilized thereafter. Resistant strains for fluconazole
were found for C. albicans (2007: 3% and 2008: 1%), C. glabrata (2008: 13% and 2012:
11%) and C. parapsilosis (2007: 14% to 2012: 25%) without significant trend for the resistant
phenomenon. Resistance to voriconazole was observed for two species: C. albicans (2007:
2% and 2008: 1%), C. glabrata (2008: 20%, 2012: 11% and 2013: 11%) without significant
trend. All but one were susceptible to amphotericin B. No resistance to caspofungin was

observed for the four Candida spp.

Correlations between antifungal drug use and Candida spp. MICs



Increased caspofungin use correlated significantly with increased caspofungin MIC values of
C. parapsilosis isolates (p=0.01) 3 months later, and of C. glabrata isolates (P=0.001) 2
months later and of C. albicans (p=0.02) 7 months later (Table 4). As an example, Figure 1
shows the influence of high caspofungin use in periods 61 or 88 on predicted caspofungin
MICs of C. glabrata in periods 63 or 90 (2 months later) (Figure S1 in the Supplemental
Digital Content shows the influence of high caspofungin use on predicted caspofungin MICs
of C. parapsilosis). Echinocandins (caspofungin and micafungin) consumption is significantly
correlated with increased echinocandins MICs for C. tropicalis (p=0.04) two months later.
Greater amphotericin B use significantly correlated with increased amphotericin B MICs for
C. glabrata (p=0.04) 6 months later and there was a trend to a non significant increase of
amphotericin B MICs for C. albicans 5 months later (p=0.08). Fluconazole consumption is
significantly associated to a significant increase of fluconazole MICs for C. tropicalis 1

month later (p=0.001). No other significant correlations were found.



Discussion

The present study assessed the effect of antifungal drug use on the epidemiology and
susceptibility of Candida spp. in ICU patients over ten years. The results confirm that history
of antifungal use in ICUs influences both Candida species distribution and MICs of antifungal
agents against major Candida spp. The observed effects of the drug exposure were drug- and
species-dependent. In particular, echinocandins consumption was correlated with MICs rise in
all the four species analyzed, except caspofungin and C. tropicalis. By contrast, significant
selective pressures were exerted by amphotericin B only on C. glabrata, by fluconazole only
on C. tropicalis, and by echinocandins on C. parapsilosis, C. tropicalis and C. glabrata. The
latter effect confirms the findings of Fournier et al. over a shorter period regarding C.
parapsilosis (13). These results are completely in accordance with other reports describing the
emergence of C. parapsilosis and C. glabrata which are constantly gaining ground on C.
albicans as responsible of candidemia (17), and the emergence of echinocandin-resistant C.
glabrata strains (14, 18). Other recent studies have raised the question of the impact of
antifungal use on emerging resistance, especially for echinocandins. Fekkar et al. described
the emergence of 11 isolates of Candida spp. resistant to echinocandins during the year 2011,
following ten years of increasing level of prescription of caspofungin (19). Our analysis
comforts their hypothesis of the deleterious influence of overprescription on Candida spp.

susceptibility profile.

The delays of these effects were also species-dependent; they were shorter in C. glabrata, C.
parapsilosis and C. tropicalis than in C. albicans. The quick impact of echinocandins on C.
parapsilosis susceptibility may be explained by the natural polymorphism in the target gene
FKS. C. glabrata decreased rapidly its susceptibility to echinocandins, and this can be partly
due to its haploid genome making it more prone to phenotypical changes after gene mutations.

The C. glabrata MIC modification under amphotericin B confirms our previous observations,



although still unexplained (20). Multi-drug-resistant phenotypes in C. glabrata have recently
been increasingly reported (21, 22); according to our result, a selective pressure of
amphotericin B on C. glabrata might explain amphotericin B resistance emergence. This is an
emerging concern because amphotericin B is commonly seen as the ‘last chance’ pan-species

antifungal agent.

Results for C. tropicalis are concerning because they affect fluconazole and echinocandins,
which are considered has highly active against this species. C. tropicalis is frequently
involved in invasive candidiasis in patients with malignancies, whilst these patients are
commonly treated with these antifungals. Thus, specific attention should be paid to the

susceptibility profile of this species subjected to drug pressure.

Impact of echinocandin use has also been highlighted on C. albicans. This result is important
as this species has long been regarded as protected from resistance selection due to the very

low prevalence of clinical resistant strains (15).

This study has not shown significant correlation between fluconazole and voriconazole
consumption and MICs for the main Candida spp at the exception of the correlation between
fluconazole consumption and MICs for C. tropicalis one month later. The later finding for C.
tropicalis is surprising and needs to be confirmed by further studies. The lack of fluconazole
and voriconazole impact on C. glabrata MICs is quite unexpected, owing to the intrinsic low
azole susceptibility of this species. The currently low consumption of voriconazole in ICUs
might explain its minor impact compared to that of other antifungals. Concerning the
fluconazole, the absence of observed significant correlation might be explained by other

parameters that were no taken into account in the ARIMA models.

The present study had several limitations. First, it is a retrospective study carried out in a

single ICU; an extension to several ICUs will ensure a better understanding of the



determinants and extents of fungal resistance. Second, the ARIMA model used could have
omitted several confounders, which might have biased the results and led to the observed
associations. However, the determination coefficients for antifungal consumption and MIC
suggest that a large part of MIC variability was explained by the model. A selection bias was
also possible because not all Candida strains of all infection or colonization cases were
submitted to the E-Test for assessment of susceptibility. Third, the MICs for caspofungin
were assessed with routine caspofungin E-Test whereas these tests might have failed to detect
non-susceptible isolates (9). In fact, after the recent recommendations (23), anidulafungin
MICs was introduced in the study laboratory to assess yeast susceptibility to caspofungin, but

the data were not available at the time of the present analysis.

Despite these limitations, results of this study confirmed that antifungal consumption can
influence Candida spp. distribution and susceptibility profiles in ICUs where the impact of
the emergence of resistance strain could lead therapeutic failure. Indeed, despite the fact that
resistance among Candida strains is already known for several years (22), empirical SAT
remain widely used by many ICU physicians, because of the high attributable mortality of
Candida infections. Recent consensus guidelines all encourage the use of echinocandins as
first-line therapy for candidemia with a poor encouragement for fluconazole step-down
therapy (11, 24-26). In this context, particular attention should be paid by ICUs physicians to
C. glabrata when empirical SAT is prescribed. This is particularly important when resistance
to echinocandins and azole are detected in the same isolate (21). Currently, the multidrug
resistance of C. glabrata is considered to be a threat to the effective empiric SAT of patients
at risk for Candida bloodstream infection (27), especially where there is a shift in infection

toward C. glabrata. (28)

Conclusion



Despite the new SAT and the new recommendations, prognostic of invasive Candida
infection has not improved in ICU patients (2). This worrisome observation and our results
highlight that effort to avoid the misuse of antifungal drugs is essential in intensive care units
and comfort the recommendations for a better monitoring of the antifungal prescription,
aiming to avoid resistance phenomenon without jeopardizing the efficacy of antifungal

therapy .



List of abbreviations

ICU: intensive care unit

DDD: defined daily dose

HD: hospital days

MIC: minimum inhibitory concentration

SAT: systemic antifungal treatment

ARIMA: autoregressive integrated moving average

SD: standard deviation



Key messages

e We explored 10 years data for Candida spp. distribution and antifungal consumption.
e Increasing use of antifungal prescription influences MICs of antifungal agents.
e Increasing use of antifungal prescription influences distribution of Candida spp.

e Caspofungin and amphotericin B exerted a selective pressure on C. glabrata.
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